INTRODUCTION {#s1}
============

Osteosarcoma (OS) is one of the most common bone malignancy, which predominately affects young people. The current therapy is aimed to inhibit tumor growth and metastasis by chemotherapy together with clinical surgery, while the 5-year survival rate is still poor \[[@R1], [@R2]\]. However, chemo-resistance and recurrence are two major challenges in OS facing with physicians. Tumor necrosis, which is evaluated at the time of resection following chemotherapy, is considered as an important prognostic indicator in OS. Unfortunately, less than 30% of patients are resistant to the chemotherapeutic agents. Chemotherapy inability to cure metastatic disease is possibly responsible for OS progression. It is recently demonstrated that patients with ≥90% tumor necrosis (good response) will have more favorable prognosis similar to the preoperative regimen \[[@R3]\]. However patients with \<90% tumor necrosis (poor response) will have a higher risk of relapse and poor outcome. Thus, it is still hard to identify at the time of initial diagnosis the patients who are likely to have a poor response to chemo-therapy. Reliable biomarkers are required for diagnosis of patients with poor response, and tracking the disease progression of osteosarcoma poor outcome.

MicroRNAs (miRNAs) are small (22-nt) endogenous noncoding RNAs that can bind to the 3'UTR of target mRNAs to mediate translation or degradation \[[@R4]\]. Disease-associated changes in miRNA expression in OS samples were determined recently \[[@R5], [@R6]\]. Exosomes, which carry the transferred miRNAs, are considered as novel regulators of cellular function \[[@R7]--[@R9]\]. MiRNAs transfer can also cause the physiological changes in their recipient cells, which was demonstrated by miRNAs moving from cancer cells to endothelial cells, promoting tumor metastasis \[[@R7]--[@R9]\]. In addition, cancer cells can also receive exosomal miRNAs secreted from immune cells, exerting as anti-proliferative effect on the tumor cells \[[@R10]\]. However, the importance of exosomes in the pathogenesis of osteosarcoma response to chemotherapy has yet been established. Further, alterations of exosomal miRNA or mRNA content in sera from OS patients with differential response to chemotherapy have not yet been described. The primary goal of this study was to develop a predictive model to classify OS in response to preoperative chemotherapy using exosomal microRNA expression profiling, and to explore their potential as biomarkers in OS patients who has poor chemotherapeutic response.

RESULTS {#s2}
=======

MiRNAs were differentially expressed in sera exosomes in OS patients with different response to chemotherapy {#s2_1}
------------------------------------------------------------------------------------------------------------

The characteristics and structures of exosomes isolated from serum in this study were confirmed by FACS analysis of surface CD63 and electron microscopy performed as previously described \[[@R11]\]. To identify differentially expressed exosomal microRNA pattern in OS patients with good and poor chemotherapeutic responses, we profiled the expression of 746 miRNAs by using TaqMan miRNA arrays in a pilot cohort of 31 healthy controls, 25 OS patients with good response and 28 OS patients with poor response ([Supplementary Table 1](#SD1){ref-type="supplementary-material"}). The relative abundances of the detected exosomic miRNAs were normalized in each sample to U6. The data indicated that 164 miRNAs (22%) could be detected (assays giving Ct \< 34, miRNA was classed as detectable). Thirty exosomic miRNAs were differentially expressed in OS patients with poor chemotherapeutic response compared to those with good response. Among them, we found that 12exosomal miRNAs were up regulated and 18 miRNAs were under regulated significantly (p\<0.05) in exosomes from OS patients with poor chemotherapeutic response when compared those with good chemotherapeutic response (Figure [1](#F1){ref-type="fig"} and Table [1](#T1){ref-type="table"}). In addition, the plots for disease phenotypes (healthy, good chemotherapeutic response and poor chemotherapeutic response) were performed as principal component analysis (PCA) among all samples based on miRNA profiles (Figure [2](#F2){ref-type="fig"}). Healthy controls and good chemotherapeutic response were not correlated with the first and second principal components. Patients with poor chemotherapeutic response was correlated with the first PC (p\<0.01), which suggested that the statistical results from differential miRNA expression profiling would be affected by principal components when testing differential exosomal miRNAs expression. Taken all together, these data indicated that exosomal miRNAs were with clinical significance in prediction in OS patients with poor response to chemotherapy.

![Heatmap of exosomal differential miRNA profiles in osteosarcoma patients with different chemotherapeutic responses\
Heatmap representation of the mean fold change in differential miRNA signature. Two-dimensional grid matrix displaying 30exosomal miRNAs was obtained by the functional heat-map in R. Columns refer to time course comparison: 31 healthy controls, 25good response and 28poor response. Rows stand for the 30 differential miRNAs. Each entry of the grid refers to relative fold (log2) between the expression level of a given miRNA in exosome relative to U6 in healthy controls. The color of each entry is determined by the value of that fold difference, ranging from green (negative values) to red (positive values).](oncotarget-08-75968-g001){#F1}

###### Differential miRNA expression in exosomes between differentresponse to chemotherapy in osteosarcoma

  Good Responders vs. Control   Poor Responders vs. Contro                                   
  ----------------------------- ---------------------------- -------- ------------- -------- --------
  miR-21                        0.824                        0.0516   miR-21        11.392   0.0001
  miR-27a                       0.914                        0.1021   miR-27a       6.774    0.0104
  miR-148a                      1.257                        0.1875   miR-148a      5.540    0.0084
  miR-135b                      1.181                        0.0533   miR-135b      4.347    0.0003
  miR-9                         1.125                        0.2152   miR-9         2.676    0.0325
  miR-214                       1.165                        0.0567   miR-214       2.621    0.0063
  miR-210                       0.959                        0.0797   miR-210       2.428    0.0005
  miR-300                       2.028                        0.0730   miR-300       2.173    0.0035
  miR-665                       1.705                        0.0534   miR-665       1.778    0.0034
  miR-145                       2.329                        0.0880   miR-145       1.729    0.0059
  miR-543                       0.940                        0.2766   miR-543       1.516    0.0033
  miR-382                       0.946                        0.0663   miR-382       1.424    0.0038
  miR-183                       1.257                        0.2041   miR-183       0.829    0.0030
  miR-133b                      1.014                        0.0640   miR-133b      0.774    0.0124
  miR-34a                       0.914                        0.2928   miR-34a       0.768    0.0144
  miR-490-3p                    1.079                        0.2925   miR-490-3p    0.753    0.0089
  miR-646                       0.646                        0.2652   miR-646       0.747    0.0026
  miR-146a                      0.737                        0.0609   miR-146a      0.722    0.0046
  miR-144                       0.763                        0.2197   miR-144       0.678    0.0063
  miR-217                       1.035                        0.0672   miR-217       0.669    0.0121
  miR-489-3p                    0.953                        0.0601   miR-489-3p    0.655    0.0002
  miR-100                       1.173                        0.2096   miR-100       0.616    0.0079
  miR-95-3p                     0.511                        0.0630   miR-95-3p     0.616    0.0251
  miR-143                       0.678                        0.1996   miR-143       0.486    0.0003
  miR-195                       1.035                        0.0645   miR-195       0.467    0.0138
  miR-206                       1.853                        0.0547   miR-206       0.435    0.0103
  miR-133a                      1.021                        0.0810   miR-133a      0.423    0.0120
  miR-124                       1.094                        0.0706   miR-124       0.403    0.0233
  miR-199a-3p                   1.035                        0.2628   miR-199a-3p   0.240    0.0130
  miR-382                       1.569                        0.1396   miR-382       0.028    0.0123

![Principal component analysis\
The plots for disease phenotypes (healthy, good chemotherapeutic response and poor chemotherapeutic response) were performed as principal component analysis among all samples based on miRNA profiles.](oncotarget-08-75968-g002){#F2}

Comparative pathway analyses {#s2_2}
----------------------------

We further determine the biologic pathways affected by exosomal miRNAs related with poor chemotherapeutic response, DIANA-mirPath was applied on the dysregulated exosmal miRNAs. Thirty KEGG biological processes were significantly enriched (p\<0.05, FDR corrected) in poor chemotherapeutic response. Among them, Proteoglycans in cancer (p=6.454E-09), Adherens junction (p=2.600E-07), ECM-receptor interaction (p=4.887E-07), Hippo signaling pathway (p=5.721E-07), TGF-beta signaling pathway (p=2.408E-06), Rap1 signaling pathway (p=2.388E-05), Pathways in cancer (p=4.904E-05), Prostate cancer (p=9.959E-05), Transcriptional misregulation in cancer (p=1.580E-04), Endocytosis (p=2.308E-04), Regulation of actin cytoskeleton (p=3.968E-04), Focal adhesion (p=5.100E-04), PI3K-Akt signaling pathway (p=1.011E-03), Ras signaling pathway (p=1.515E-03) were the most prominent pathways enriched in quantiles with differential exosomal miRNAs in poor chemotherapeutic response (Table [2](#T2){ref-type="table"}), suggesting that these biologic pathways were involved in poor chemotherapeutic response. The KEGG pathway "Proteoglycans in cancer" was significantly altered in poor chemotherapeutic response with 10 miRNAs including miR-543, miR-300, and miR-217, targeting 76 genes in the pathway map ([Supplementary Figure 1](#SD1){ref-type="supplementary-material"}). The KEGG pathway "Pathways in cancer" was also significantly altered in poor chemotherapeutic response with 10 miRNAs (hsa-miR-133b, hsa-miR-199a-3p, hsa-miR-206, hsa-miR-217, hsa-miR-300, hsa-miR-489-3p, hsa-miR-490-3p, hsa-miR-543, hsa-miR-646, and hsa-miR-665) targeting 143 genes in the pathway map ([Supplementary Figure 2](#SD1){ref-type="supplementary-material"}). The KEGG pathway "Transcriptional misregulation in cancer" was significantly enriched in poor chemotherapeutic response with 10 miRNAs (hsa-miR-133b, hsa-miR-199a-3p, hsa-miR-206, hsa-miR-217, hsa-miR-300, hsa-miR-490-3p, hsa-miR-543, hsa-miR-646, hsa-miR-665, hsa-miR-95-3p) targeting 65 genes in the pathway ([Supplementary Figure 3](#SD1){ref-type="supplementary-material"}).

###### Biologic pathways enriched by differentially expressed exosomal miRNAs

  KEGG pathway                                                            p-value
  ----------------------------------------------------------------------- ---------------
  Prion diseases (hsa05020)                                               2.820E-09
  Signaling pathways regulating pluripotency of stem cells (hsa04550)     2.820E-09
  **Proteoglycans in cancer (hsa05205)**                                  **6.454E-09**
   Adherens junction (hsa04520)                                           2.600E-07
   ECM-receptor interaction (hsa04512)                                    4.887E-07
  **Hippo signaling pathway (hsa04390)**                                  **5.721E-07**
   TGF-beta signaling pathway (hsa04350)                                  2.408E-06
   Axon guidance (hsa04360)                                               1.494E-05
   Rap1 signaling pathway (hsa04015)                                      2.388E-05
  **Pathways in cancer (hsa05200)**                                       **4.904E-05**
   Prostate cancer (hsa05215)                                             9.959E-05
  **Transcriptional misregulation in cancer(hsa05202)**                   **1.580E-04**
   Endocytosis (hsa04144)                                                 2.308E-04
   Oocyte meiosis (hsa04114)                                              2.410E-04
   Regulation of actin cytoskeleton (hsa04810)                            3.968E-04
   Focal adhesion (hsa04510)                                              5.100E-04
   Thyroid hormone signaling pathway (hsa04919)                           6.869E-04
   Bacterial invasion of epithelial cells (hsa05100)                      9.954E-04
   Glutamatergic synapse (hsa04724)                                       9.954E-04
  **PI3K-Akt signaling pathway (hsa04151)**                               **1.011E-03**
  **Ras signaling pathway (hsa04014)**                                    **1.515E-03**
   Melanoma (hsa05218)                                                    1.708E-03
   Glioma (hsa05214)                                                      1.872E-03
   GABAergic synapse (hsa04727)                                           1.959E-03
   Arrhythmogenic right ventricular cardiomyopathy (ARVC) (hsa05412)      2.330E-03
   Gap junction (hsa04540)                                                4.817E-03
   FoxO signaling pathway (hsa04068)                                      5.137E-03
   Thyroid cancer (hsa05216)                                              5.369E-03
   Inositol phosphate metabolism (hsa00562)                               7.351E-03
   Acute myeloid leukemia (hsa05221)                                      8.747E-03
   Mucin type O-Glycan biosynthesis (hsa00512)                            9.315E-03
   Wnt signaling pathway (hsa04310)                                       9.315E-03
   Colorectal cancer (hsa05210)                                           1.070E-02
   Long-term potentiation (hsa04720)                                      1.070E-02
   Adrenergic signaling in cardiomyocytes(hsa04261)                       1.285E-02
   Oxytocin signaling pathway (hsa04921)                                  1.620E-02
   Amphetamine addiction (hsa05031)                                       1.954E-02
   Shigellosis (hsa05131)                                                 2.067E-02
   Long-term depression (hsa04730)                                        2.067E-02
   Dorso-ventral axis formation (hsa04320)                                2.232E-02
   Phosphatidylinositol signaling system (hsa04070)                       2.575E-02
  **Ubiquitin mediated proteolysis (hsa04120)**                           **2.832E-02**
   mRNA surveillance pathway (hsa03015)                                   3.431E-02
   ErbB signaling pathway (hsa04012)                                      3.431E-02
   Mineral absorption (hsa04978)                                          4.049E-02
  **Choline metabolism in cancer (hsa05231)**                             **4.363E-02**
   Endocrine and other factor-regulated calcium reabsorption (hsa04961)   4.613E-02
   Chronic myeloid leukemia (hsa05220)                                    4.944E-02

Validation of differential miRNAs {#s2_3}
---------------------------------

TaqMan Real-Time PCR was perforrmed to validate the differential microRNA expression levels from microRNA assay. These miRNAs were selected for validation based on the statistic significance and/or biological plausibility. MiR-124, miR-133a, miR-135b, miR-148a, miR-199a-3p, miR-27a, miR-385, and miR-9 were selected for further validation using an independent cohort of 20 OS patients with poor chemotherapeutic response, 20 OS patients with good chemotherapeutic response, and 20 age, sex matched healthy controls ([Supplementary Table 2](#SD1){ref-type="supplementary-material"}). In agreement with the preliminary data from microRNA assay, miR-124, miR133a, miR-199a-3p and miR-385 were significantly reduced in sera exosomes in poor chemotherapeutic response when compared with good response. While miR-135b, miR-148a, miR-27a, and miR-9 were significantly over expressed in sera exosomes from patients with poor chemotherapeutic response (Figure [3](#F3){ref-type="fig"}). Taken together, these data confirmed the validity of differentially expressed exosomal miRNAs in OS with poor response to chemotherapy.

![Validation of miRNA array expression using independent samples\
TaqMan real-time RT-PCR to validate the expression levels of miR-124, miR-133a, miR-135b, miR-148a, miR-199a-3p, miR-27a, miR-385, and miR-9 using an independent cohort of 20OS patients with poor chemotherapeutic response, 20OS patients with good chemotherapeutic response, and 20age, sex matched healthy controls. Data shown are as mean ± SEM.](oncotarget-08-75968-g003){#F3}

Messenger RNAs were differentially expressed in exosomes and associated with poor response to chemotherapy {#s2_4}
----------------------------------------------------------------------------------------------------------

We further examined the presence of messenger RNAs in exosome and elucidate their roles in poor chemotherapeutic response. We thus employed quantitative RT-PCR to detect the expression of mRNAs isolated from exosome. Eight potential mRNA candidates in osteosarcoma, including Annexin2 \[[@R12]\], Smad2 \[[@R13]\], Methylthioadenosine phosphorylase (MTAP) \[[@R14]\], Cdc42-interacting protein 4 (CIP4) \[[@R15]\], Pigment Epithelium-Derived Factor (PEDF) \[[@R16]\], WW domain-containing oxidoreductase (WWOX) \[[@R17]\], Cell division cycle 5-like (Cdc5L) \[[@R18]\], P27 \[[@R19]\]were selected for quantitative RT-PCR experiments using sera exosomal RNA from 20OS patients with poor chemotherapeutic response, 20OS patients with good chemotherapeutic response, and 20 healthy controls. MTAP, CIP4, PEDF, and WWOX were found to be present and significantly under expressed in sera exosomes of poor chemotherapeutic response when compared with good chemotherapeutic response (Figure [4](#F4){ref-type="fig"}). However, Annexin2, Smad2, CDC5L, and P27 mRNA levels were over expressed in sera exosomes of poor chemotherapeutic response when compared with good response (Figure [4](#F4){ref-type="fig"}).

![Messenger RNAs were differentially expressed in exosomes in poorly responded patients with OS\
Annexin2, Smad2, MTAP, CIP4, PEDF, WWOX, Cdc5L, P27 were selected for validation their differential expression in exosomes in independent cohort of 20OS patients with poor chemotherapeutic response, 20OS patients with good chemotherapeutic response, and 20 healthy controls. Data shown are as mean ± SEM.](oncotarget-08-75968-g004){#F4}

Evaluation of exosomal miRNAs as the diagnostic biomarkers of poor chemotherapeutic response {#s2_5}
--------------------------------------------------------------------------------------------

To evaluate the utility of exosomal miRNAs levels in discriminating OS cases with poor chemotherapeutic response from good response, ROC curve analysis was performed. We confirmed that the eight miRNAs found in the primary analyses highly discriminated OS patients with poor chemotherapeutic response from good response (Figure [5](#F5){ref-type="fig"}): miR-134, AUC = 0.875, CI~95%~ = (0.822-0.956), miR-133a, AUC = 0.915, CI~95%~ = (0.833-1.067), miR-135b, AUC = 0.924, CI~95%~ = (0.845-1.102), miR-148a (AUC = 0.938, CI~95%~ = (0.843-1.207), miR-199a-3p (AUC = 0.905, CI~95%~ = (0.803-1.017), miR-27a (AUC = 0.885, CI~95%~ = (0.793-0.977), miR-385 (AUC = 0.865, CI~95%~ = (0.773-0.977), and miR-9, AUC = 0.875, CI~95%~ = (0.792-0.963) (p\< 0.0001 for all comparisons). Highest area under the curve (AUC) for a single miRNA could be achieved with miR-148a. Further the combination of miR-148a and miR-133acould enhance the performance of discrimination significantly (AUC = 0.999, CI~95%~ = (0.955-1.190)). These data demonstrated that exosomal miRNAs are reliable diagnostic markers for poor chemotherapeutic response in patients with osteosarcoma.

![ROC curves for miRNAs that are significantly different in poor chemotherapeutic response as compared to good chemotherapeutic response\
ROC curve with AUC for miR-124, miR-133a, miR-135b, miR-148a, miR-199a-3p, miR-27a, miR-385, and miR-9 was performed using SPSS.](oncotarget-08-75968-g005){#F5}

DISCUSSION {#s3}
==========

OS remains a devastating disease. It is recently demonstrated that application of microarray technology can yield promising results to classify and diagnose various types of tumors \[[@R20], [@R21]\]. In this study we have, for the first time, verified the presence of miRNAs and mRNAs in exosomes isolated from sera of OS patients with differential chemotherapeutic response. In addition, a substantial profile of exosomal miRNAs including miR-124, miR-133a, miR-135b, miR-148a, miR-199a-3p, miR-27a, miR-385, and miR-9 was dysregulated in poor chemotherapeutic response. We further demonstrated that exosomal RNAs including Annexin2, Smad2, MTAP, CIP4, PEDF, WWOX, Cdc5L, P27, could also discriminate good and poor chemotherapeutic response for osteosarcoma treatment. These results would assist with potential in clinical chemotherapeutic treatment of OS and help monitoring or predicting disease progression during chemotherapy in osteosarcoma.

MicroRNAs have been demonstrable in the progression of human osteosarcoma. MiR-124 expression was significantly down regulated in osteosarcoma tissues \[[@R22]\]. In addition, miR-124 expression in the metastases OS tissues was significantly lower than non-metastases tissues. Forced expression of miR-124 could suppress Rac1 expression and then attenuated cell proliferation, migration, and invasion *in vitro*. Our results suggest that miR-124 could be a potential target for the chemotherapeutic treatment of osteosarcoma in future. Ji F et al \[[@R23]\] found that miR-133a, reduced in osteosarcoma cells and osteosarcoma tissues, was significantly associated with OS progression. The authors further reported that miR-133a suppressed proliferation and promoted apoptosis by targeting Bcl-xL and Mcl-1. Our current data of miR-133a reduction involved in poor chemotherapeutic treatment in osteosarcoma will provide further evidence on its potential in cancer therapy. Another molecule, miR-135b was frequently up regulated in OS tissues, inversely linked with FOXO1 mRNA expression \[[@R24]\]. In addition, miR-135b knockdown significantly regulated proliferation and invasion. Our data also supported their study, that miR-135b significantly increased in poor chemotherapeutic treatment in osteosarcoma, which provide compelling evidence that miR-135b functions as an onco-miRNA in OS and its oncogenic effects should be candidate target for future OS treatment. MiR-148a expression in sera in OS was significantly higher than normal controls \[[@R25]\]. In addition, they further investigated that miR-148a expression was correlated with tumor size and distant metastasis in OS. Our findings with higher expressed exosomal miR-148a in OS patients with poor response to chemotherapy demonstrated that miR-148a as a novel diagnostic biomarker to identify individuals with poor chemotherapeutic response to OS. Recently, miR-199a-3p was reported to be significantly down regulated in OS \[[@R26]\]. Over expression of miR-199a-3p in osteosarcoma cells can significantly inhibit cell growth and migration. Additionally, they observed mTOR and Stat3 expression was decreased in miR-199a-3p over expressed cells. Our results also demonstrated that exosomal miR-199a-3p significantly lower expressed in poor chemotherapeutic response in osteosarcoma patients, supporting new insights for miR-199a-3p in osteosarcoma chemotherapy and suggesting that miR-199a-3p may play a functional role in treatment of osteosarcoma. Rami Aqeilan\'s findings \[[@R6]\] of miR-27a and miR-27a\* acting as pro-metastatic miRNAs contributed to the idea that star miRNAs are functional in tumor development. Our study for the first time provide evidence that miR-27a functions as an exosomal microRNA in OS cells suggesting that upregulated miR-27a expression with pro-metastatic action in OS. The presented data in our study further suggest the potential of miR-27a as diagnostic markers and therapeutic targets for OS chemotherapy. MiR-9 is considered as a potential up regulated oncogene in OS \[[@R27]\]. MiR-9 knockdown resulted in suppressed colony formation and cell proliferation in OS. These results supported our data that miR-9 was high expressed in poorly chemotherapeutically responded patients, highlighting the importance of miR-9 as an oncogene in osteosarcoma and may provide new insights into chemotherapy of osteosarcoma.

There are some limitations in our study. First, a major limitation of this study is the normalization. U6 should be used with caution, because in some circumstances normalizing by U6 in miRNA expression studies may produce misleading results. Secondly, the multivariate analyses could further explore the differential role of miRNA and mRNA in chemotherapeutic response, such as Fisher discriminant analysis or other statistical methods.

To conclude, our study revealed a substantial abundance of miRNAs and mRNAs present in bloodstream exosome of OS patients. These RNA molecules were differentially expressed in exosome in OS patients, andexosomal miRNAs in seracould be evaluated as reliable diagnostic biomarkers for differential chemotherapeutic response to osteosarcoma. These results provide evidence for the potential value of these biomarkers for the diagnosis and assessment of OS chemotherapy and suggest dysregulation of exosome RNAs abundance for poor chemotherapeutic response to osteosarcoma.

MATERIALS AND METHODS {#s4}
=====================

Patients and tumor samples {#s4_1}
--------------------------

Written informed consent for participation in the study was obtained from either directly or from his or her guardian in all subjects and the work received approval from the Ethical Committee of Zhejiang Provincial People\'s Hospital and in accordance with the tenets of the Declaration of Helsinki. The study included a total cohort of 48 OS patients with poor chemotherapeutic response, 45 OS patients with good chemotherapeutic response, and 51 healthy controls for definite diagnosis of osteosarcoma and before receiving preoperative chemotherapy. All tumor samples were classified by two experienced pathologists. The initial biopsy samples were obtained at the time of diagnosis before the initiation of preoperative chemotherapy. The good responders were defined as patients whose tumors had ≥90% necrosis in response to preoperative chemotherapy as determined by histologic examination at the time of definitive surgery and poor responders had \<90% necrosis.

Isolation of exosomes {#s4_2}
---------------------

Exosomes were isolated as described before \[[@R28]\]. Differential centrifugation was performed to isolate exosomes from conditioned medium. Initial spins consisted of a 10-min spin at 1,000 g, a 2,000 g spin for 10 min and a 10,000 g spin for 30 min. The supernatant was retained each time. The supernatant was then spun at 100,000 g for 70 min and the pellet was re-suspended in 1 × PBS, to dilute remaining soluble factors, followed by another centrifugation at 100,000 g for 70 min. The final pellet contained the exosomes, which were re-suspended in tissue culture media.

RNA processing and miRNA profiling {#s4_3}
----------------------------------

Exosomal RNA was extracted using the QiagenmiRNeasy Serum/Plasma Kit (Qiagen, Valencia, CA) according to the manufacturer\'s instructions. RNA quality was assessed by using UV 260/280 and 230/260 absorbance ratios. RNA size distribution was examined on RNA Pico LabChips (Agilent Technologies, Palo Alto, CA) processed on the Bioanalyzer (Agilent). Global miRNA profiling was studied using the TaqMan Low-Density Array Human miRNA Panels (Applied Biosystems, Foster City, CA) containing 746 mature human miRNAs. miRNAs found to be differentially expressed in poor response compared to good response were quantified using TaqMan miRNA assays (Applied Biosystems) modified by the incorporation of our standard curve protocol \[[@R29]\].

MiRNA target prediction and pathway analysis {#s4_4}
--------------------------------------------

Through the use of the bioinformatic tool DIANA-mirPath (v.2) \[[@R30]\]the differentially expressed miRNA were analyzed to predict miRNA targets in 3'-UTR gene regions according to experimentally validated miRNA interactions derived from DIANA-TarBase v6.0 algorithm. These interactions (predicted and/or validated) were subsequently combined with sophisticated merging and meta-analysis algorithms by DIANA-mirPath.

TaqMan miRNA assay for individual miRNAs {#s4_5}
----------------------------------------

Real Time PCR analysis was performed on the ABI Prism 7000 Sequence Detection System (Applied Biosystems) using 3 μl of RT products in a reaction mixture containing TaqMan miRNA assay and the TaqMan Universal PCR Master Mix, according to the manufacturer\'s instructions (Applied Biosystems). All PCR reactions were performed in triplicate including no-template controls. Relative quantities of each miRNA were calculated using the ΔΔCt method after normalization with endogenous reference U6.

Quantitative real-time PCR (Sybr green QPCR) {#s4_6}
--------------------------------------------

Total RNA were reverse transcribed in 20 μl using the High Capacity cDNA Reverse Transcription Kit, according to the manufacturer\'s protocol (Applied Biosystem). Quantitative real-time PCR was performed using 80 ng of cDNA in a final volume of 20 μl according to the manufacturer\'s instructions (Applied Biosystems), on the ABI Prism 7000 Detection System (Applied Biosystems). Relative expression was calculated using the comparative Ct method. All PCRs were performed in triplicate including no-template controls.

Statistical analysis {#s4_7}
--------------------

Data analysis on miRNA expression levels from TaqMan Low-Density Array was performed by SDS software version 2.2.2 (Applied Biosystems). The delta Ct values were calculated by using U6 as the endogenous controls. Heatmap of differentially expressed miRNAs and between-group statistic analysis were performed by R software. A receiver operating characteristic (ROC) curve was performed to calculate the relationship between sensitivity and specificity for disease group versus healthy controls. Data were analysed using Student\'s t-tests, to determine statistically significant differences between relevant samples. P-values were either listed or represented by the following number of asterisks: \*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001; \*\*\*\*P\<0.0001.
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